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durations so that deployments of up to 7 months are possible with a maximum of
14 days of continuous recording. The outputs of as many as 13 hydrophones can
be recorded simultaneously from the acoustic array. The present MABS inventory
consists of three instrumentation pressure vessels, four flotation buoys, three
tape recorders (two different types), many array cables, and a complement of

auxiliary gear.
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THE MOORED ACOUSTIC BUOY SYSTEM (MABS)
INTRODUCTION

The Moored Acoustic Buoy System (MABS) is a bottom-moored programmable
acoustic data recording system. It consists of a subsurface instrumentation
buoy in conjunction with a family of lightweight hydrophone arrays designed
to measure a variety of underwater acoustic signals. The MABS equipment can
be used in any water depth. It can be laid on the ocean bottom or suspended
at any attitude from vertical to horizontal in the water column. Recent de-
velopments in lightweight synthetic-cable technology have been incorporated
into the design to make MABS deployable from the most modest of ocean-going
ships in a wide range of sea states with a minimum of support equipment and
personnel. To date, MABS systems have been used in 19 deployments and re-
trievals in the Atlantic and Pacific Oceans and in the Caribbean and Medi-
terranean Seas.

SYSTEM DESCRIPTION

Basically, MABS is both a concept and a realization. Thus, the system
appears in a variety of forms with various capabilities. The basic concept
was to produce a rapidly deployable, programmable, self-recording, multi-

channel system that can be deployed for periods up to 7 months, is highly re-
liable, and requizes little if any ship outfitting.* Pigure 1 depicts a
variety of configurations in which MABS can be deployed.

F

< -
Figure 1. MABS Array Configurations

——— -——

*For further {nformation on MABS and its carlier dovelopuent, seec
P. €. King and R. C. Swenson, Hoored Acoustic Buoy Svstem (MABS): Specifi-
cations and Deployments, NUSC TR 4457, 5 Januatry 1973 (UNCLASSIFIED).
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The major components of the basic MABS equipment are the instrumentation
pressure vessel (IPV), battery pack, flotation buoy, electromechanical cable,
hydrophones, acoustic telemeter, acoustic transponder/releases, recovery
package, and anchor.

Figure 2 shows the MABS 11 buoy, consisting of the IPV, battery pack,
syntactic foam flotation unit, acoustic telemeter, and recovery-aiding light
and radio beacons., Figure 3 depicts the similarly constructed MABS I buoy.
The MABS 11 flotation buoy is 7.5 ft in diameter by 3.5 ft high and is con-
structed of high-density syntactic foam protected by a rubber bumper around
the rim. The flotation buoy serves a dual purpose in providing both buoyancy
and protection to the IPV. Twelve hundred pounds of buoyancy provides enough
reserve buoyancy to recover the system should the IPV completely flood. The
buoy was designed to fit through most shipboard A-frames and also to fit in-
side standard van trailers for ease of transport.
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Figura 2. MABS 11 Buoy
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Figure 3. MABS I Buoy

The sys-om electronies, logic circuits, and tape recorder are located
in the 28-ian.,~diameter aluminum IPV. Two diffcrent types of tape recovders
are incorporated into the MABS system and can be used interchangeably in MABS
I1. One, for lomg-time signal-amplitude measurements, has a total recording
time of over 13 days. The other, with high cross-channsl stability forx
coherence-type measurements, has a total recerding time of 16 hours, With
selection of suitable duty cycles, recovding tines ¢an be extended to 7
moniths. Alse in the IPV {s an IRIGC B time-cod2 generator that controls the
system timing and is recorded on one track of the tape recorder, providing
a continuous accurate record of cime on tape. The logic and timing circuits
provide a wide range of programening options for data collection (see table 1).
Data can be sampled continuously cor at intervals from 10 sec to 9 hr for
periods of 10 scc or more. Random nolse and sine wave calibraticns can be
recorded automstically with every data sazple or less frequently as desired.
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Table 1. General Operating Characteristics of MABS
A. Programming Options

Time interval between samples

1) Continuous

2) 10 to 60 sec in 10-sec increments

3) 1 to 10 min in l-min increments

4) 10 to 90 min in 10-min increments

5) 1 to 9 hr in l-hr increments

6) adjustable to requirements
Length of sample

1) Continuous

2) 10, 15, 30, or 60 sec

3) adjustable to requirements
Delayed start (MABS Il only)

1 hr to 90 days

B. Calibration: Random Noise and Sine Wave, Autowatically at Any Interval
Desired

¢. Total Record Time With Astro-Science Mars 2000 Recorder
1-7/8 1IP5H; 8 hr
15716 1P : 16 hy

D. Total Record Time With Precision lastruments 5114 Recordar
15/160 IPS: 328 thr

E. Naxfous Deéloycd Tige

7 months

—

tInches per second (IPS)
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The tape recorders available for use with MABS are the Astro~Science
Mars 2000 precision recorder and the Precision Instruments 5114 recorder.
The specit.cations of the two recorders are summarized in table 2, All

recorders are li-channel units,

The Mars 2000 unit was chosen for its wide

bandwidth and rigid skew specifications, which are necessary for beamforming
The Precision Instruments recorder is suitable
for recording ambient noise, CW and explosive shot signals, and ship signa-

and coherence measurements,

tures for long periods of time,

The MABS recorders can be used in a split

gain configuration where each acoustic data channel is recorded simultaneously
on two tracks at two levels with some overlap in dynamic range or with one
data channel per magnetic tape channel,
~ecessary extended dynamic range for high~amplitude transient data while
facilitating data processing by maintaining constant calibration factors for

each channel throughout the data.

The split gain option provides the

Thirteen hydrophone channels ars normally

available with MABS, with one tape channel reserved for time-code signals.
With a split gain mede of operation for all hydrophones, a maximum of six
hydrophones can be monitored.

Table 2,

Specifications of Tape Recorders Used in MABS

SN S e ek e T

PPN SRE TS

Manufacturer and
Model

ITape Speed (IPS)

Mode

Total Record Time (hr)
Bandwidth (kRz)

Dynamic Range (dB)
Dynamic Skew (#in.)

bWow and Flutter (perceat)

Pio. ot Channels

Astro~-Science Precision Instruments
Mars 2000 5114
1-7/8 15/16 15/160
Direct M | Direct MY | Direct Direct
extended
band
8 16 3%8
0.4-3210-2.510.4-16} 0-1.25{0.001~0.375 j0.001-0,250
20 40 15 35 35 24
+25 50 A5 —_— -~
1 1.8 - -—
14 i4 14 14
o )

Lightweight synthetic~{iber (Kevlar 29) electrosechanical cables are

utilize

in the system. Then: cables are coapletely faired with a hairy

type of fairing to reduce cable strum and vibration that might othenvise
coataninate low frequency acoustic signals and ambient noise.
capes are designed to de inserted into the cable without cutting the strength

woxbers or nonrequired conductors,

The hydrophone

The hydvophone asscablies are small,

light, and reliable, amploying pressure-insensitive electronics in a com-

pletely molded package that requires no pressure housing.

“igure 4 shows

the synthetic cable, hydrephone, and hydrophone cage before the hydrophone
Each hydiophone and cage can be incorporated

is inserted into the cable.

e
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within the matrices of fiber strands and conduct~rs of the cable in less than
3 hours. This operation can be done in the laboratory or aboard ship. The
hydrophone forms a smooth bulge of increased cross-sectional diameter. The
cable with the hydrophones can be wound <aslly around a winch drum and will
pass through sheaves with little or no special attention during deployment
and retrieval, With this arrangement, the hydrophones are readily .vailable
for testing and calibration as part of the total array, and pressure testing
of the complete array before going to sva is easily accomplished, Addition-
ally, the fiber cable, being light and easvy to handle, requires little or no
additional flotation along its length to support its weight as in the case of
steel cables. Because it dves not corrode, the cable requires no maintenance
in use or storage.

Figure . MAHS Hudrophone ansd (ahle

The power far MABS ix supplicd By a battery pack of lead-acid or silver-
zine batterics. The baltery pack can he casily replaced for gquick turnavound
times,

The MABS cquipzent is capable of frarszitting {a¥ormation about itx
status te a surface veuscel eor piatfare. Such infermalien as batlery wveliane,
buoy depth, syster eperatisn, prexence af ieaks in the 1PV, and water temp-
eraturte ie available aboard the deployment vexsel., A& mote complete 1ist of
{ntervogation nptions car ke found in takle 3,
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Table 3. Acoustic Telemeter Interrogation 4odes for MABS II

: Mode Command from Action
£ 1 Surface unit Acts as a transponder
: 2 Internal logic Interrogates bottomed transponders
circuitry
3 Surface unit Sends 5 min of data for five of

the following parameters --

Depth,

Water temperature,

2 Signal level (at recorder),
uf* Battery voltage,

4l Leak detector status,

. System mode or status, and/or
other parameters.

4 Surface unit Sends 5 min of data for five
parameters with next data sample

54 5 Surface unit Changes mode or status of
i programmer in buoy.

A dual, parallel, acoustic transponder/release system is used just above
the anchor for recovering the system. In the transponder mode, these units
assist in pinpointing the location of MABS. The parallel release provides
100-percent redundancy for the system release function.

DEPLOYMENT AND RETRIEVAL

The MABS equipment has been used most frequently in a vertical attitude.
In this attitude, MABS is deplcoyed anchor last to free-fall to the bottom
with the buuy at the top of the array. Because MABS is a total, complete
system prior to deployment, 1t is not necessary to stop the cable for sensor,
floct, or connector attachment, and tnere is little payout tension. Deploy-
ment and retvieval times are tvpically about 1-2 hours. The system is de-
signed to be deployable from small ships in wind speeds to 20 knots and wave
neights to 12 ft. It has been recovered in 40-knot winds. Little winching
capability is required for MABS, and the only lifting capability required is . .
for the IPV/flotation unit. Systems have been deployed and recovered 19 :
times in the last 3 years while operating from 5 different platforms.
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TESTING AND CALIBRATION

Before it goes to sea, the MABS system is completely fabricated and the
entire array is pressure tested in the pressure tank at NUSC. This process
ensures the integrity of the complete system prior to deployment.

Various calibration procedures are used. A calibration is performed on
each hydrophone at the Naval Research Laboratory, Underwater Sound Reference
Division (NRL/USRD) Orlando before and after each exercise. Complete system
end-to-end calibrations are also performed before and after exercises. These
system calibrations consist of injecting a series of tonals and wideband
noise signals at the input of the hydrophone preamplifiers and recording
these signals on the system tape recorder. Additionally, calibration signals
in the form of wideband noise plus a single tone are injected at the input of
the IPV and recorded on tape at preprogrammed intervals while the system is
deployed and operating.

SUMMARY

MABS is a versatile, reliable, easily handled, Aacoustic data gathering
tool. It can be deployed and retrieved from a wide class of surface plazforms
without requiring specialized handling gear, numerous personnel, or large
deck areas. W .h1 +the option to interchangeably use twe separate tape record-
ers with diff. :.nv capabilities, it can accomplish data gathering for a wide
variety of underwater acoustic experiments.

Utilizing the newest developments in synthetic cable and hydrophone
array components, MABS is a weather-hardened, lightweight system that can
be deployed in a variety of configurations (figure 1). The IPV unit is
capable of deployment to depths from 100 to 12,000 ft with the array sensors
at any depth below or above the IPV. Table 4 summarizes the important spec-~
ifications of MABS 11, one of the series of MABS equipments; table 5 sum-
marizes the specifications of MABS I, Figure 5 depicts the combinations that
are possible with the existing MABS hardware. This hardware includes four
flotation buoys, three pressure vessels, three tape recorders, five arrays,
and a complement of acoustic releases and other marine hardware.




Table 4.

Component Descriptor

Buoy Module

Size: pressure vessel
assembly

Weight of IPV

Maximum buoy depth

Hydrophone Array

Cable type

Hydrophone type
Hydruphone assembly size
Hydrophone assembly weight

Tape Recorders

Manufactuver/Model

Dynamic range
Dynamic range expansion
Tape duration

Data tracks

Acoustic data channels
Record method
Frequency response

Array Zarameters

Maximum number of hydro
phones

Allowable sample lengths
Interval between samples
Maximum active deployment
time

Maximum delayed start
Interrogation modes

Specifications for MABS II

s L S T N,

TD4937

Pertinent Data

28-in.~diameter sphere

7.5~ft~diameter by 3.5-ft-high spheroid’

850 1b in air
12,000 fc

Synthetic fiter or steel

ITC model 8021 or 8014

2 ft long by 4 in. diameter

3 1b in water

Astro-Science

Mars 2060

40 db FM, 26 db direct
Yes, split gain

& hr at 1~7/8 IPS

16 hr at 15716 1PS

14

13

FM, direct

™

3-1250 Hz at 15/16 IPS
3-2500 Hz at 1-7/8 1IPS
Direct

Precision Instruments
5114

30 db direct

Yes, split gain
328 hrs et 15/160
IPS

14

13

Direct

3-375 Hz or

3-750 Hz (extended
band)

400~16,000 Hz at 15/16 IPS
400~-32,000 Hz at 1-7/8 1IPS

13

10 sec minimum to continuous
10 sec to 9 hr or adjustable as desired

7 months
90 days
5
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Table 5. Specifications for MABS 1

Component Descriptor

Bucy Module

Stze: pressure vessel
assembly

Weight of IPV
Maximum buoy depth

Hydrophone Array

Cable type
Hydrqphone type

Hydrophone assembly size
Hydrophone assembly weight

Tape Recorder

Manufacturer/Moucl
Dwnam’c r-nge

Dynamic range expansion
Tape duration

Data tracks

Acoustic data chanuels
Record method
Frequency respouse

Arrav Parameters

Maximum number nf hydrophones
Allowable samole laangths
Interval between samples

Maximum active deployment time

Delayed suart
Interrogation modas

Pertinent Data

16-in. by 44~in. cylinder
7.5-ft-diameter by 3.5-ft-
high spheroid

300 1b in air

600 ft

Synthetic fiber or ateel
ITC model 8021 or 8014

2 ft long by 4 in. diameter
3 1b in water

Astro-Science Mars 2000

40 db FM, 20 db direct
Yes, split gain

8 hr at 1-7/8 1IPS

16 hr at 15/16 1PS

14

13

FM, direct

™

3-1250 Hz at 15/16 IPS
3-2500 Hz at 1-7/8 1PS
Direct

400-16,000 Hz at 15/16 IPS
+00-32,000 Hz at 1-7/8 1IPS

)

30 sec ainimun te continuous
1 min te 1 hv or adjustable
as derired

7 months

None

None

e e o e
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2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

RoF X
BRIAN LINK
By direction



Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

DISTRIBUTION LIST:
NAVOCEANO (Code N121LC — Jaime Ratliff)
NRL Washington (Code 5596.3 — Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University :
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
NAVSEA
NAVAIR
NUWC
SAIC
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